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Abstract: 
We present a study of the high-resolution spectroscopic data for the proto-planetary nebula candidate IRAS 
01005+7910. For the first time a careful spectral line identification is carried out, and a significant 
variability of the optical spectrum is detected. We found absorption lines of C II/III, N II, O II, Al III, Si III, 
and Mg II (λ4481 Å), as well as emission lines of Si II and [Fe II]. Both absorption and emission components 
are present in the Balmer lines, Na I resonance D1,2 lines, He I, and Fe III lines. The He I line profiles vary 
from straight to inverse P Cyg-type on a timescale of days to months. The resonance Na I lines show 5 
absorption components at a resolution of R = 60000. Additionally, the Na I D2 line exhibits a variable 
emission component with a width comparable to that of the Balmer line emission components. Using the 
model atmospheres method within the LTE-approximation, the effective temperature (Teff ~ 21500 K), the 
metallicity [Fe/H]⨀ = - 0.31, and the ratio C/O > 1 is reported. Finally, we suggest that IRAS 01005+7910 is 
a carbon-rich post-AGB star with a luminosity log(L/L⨀) = 3.6 at a distance about 3 kpc. 
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Proto-planetary nebulae (PPNe) are post-AGB objects evolving toward the Planetary Nebula (PN) stage 
with increasing effective temperatures (Teff) and almost constant luminosities (e.g. Blöcker 1995). They span 
a range of spectral types between B and G and are surrounded by a significant amount of circumstellar dust, 
thanks to which many such sources were detected by the IRAS satellite (Parthasarathy & Pottasch 1989). 
Follow-up observations showed that PPNe, especially those of early spectral types, exhibit variable 
emission-line spectra (Parthasarathy et al. 2000). Spectroscopic studies are crucial for constraining PPNe 
masses through determination of the fundamental parameters and their evolutionary state with measurements 
of the chemical composition and mass loss rate. Spectroscopic monitoring programmes, which are still rare, 
are important for studies of physical processes in the objects’ immediate vicinity and for detecting binary 
PPNe (Van Winckel et al. 1995), whose population recently began to grow as a result of such programmes 
(see Van Winckel 2001 for a review). 
 
Here we present the first results obtained in the course of spectroscopic monitoring of a poorly-studied PPN 
candidate IRAS 01005+7910 (hereafter IRAS 01005) at the 6-m telescope of the Russian Academy of 
Sciences. The object is located far from the Galactic plane (b = 16°) and is identified with an 11-mag. 
peculiar star. Its IRAS colours are similar to those of PPNe, lying in the region v in the IRAS two-colour di-
agram of Van der Veen & Habing (1988). However, in contrast to most of the PPNe, maser emission from 
IRAS 01005 has been detected neither in
 12
 CO nor in OH bands (Likkel 1989; Likkel et al. 1991; Omont et 
al. 1993). According to a chronological sequence suggested by Lewis (1989), this result indicates that the 
object is very close to the PN stage. The IR spectrum of IRAS 01005 (Hrivnak et al. 2000) contains 
emission bands at 3.3, 6.2, 7.7, 8.6, 11.3, 26, and 30µm which are characteristic of carbon-rich PPNe. At the 
same time, IRAS 01005 does not show the famous emission at 21µm, whose presence is attributed to an 
excess of the s-process elements (Klochkova 1998; Decin et al. 1998). 
 
So far only low-resolution spectra of IRAS 01005 have been published by Hu (2001), who classified the 
object as B2 Ie. This author also mentioned no changes in a P Cyg-type Hα line profile in his spectra, 
obtained 10 years apart. No photometric variations of the object have been reported. 
2. Observations and data reduction 
The observations were obtained at the 6-m telescope of the Special Astrophysical Observatory (SAO) of the 
Russian Academy of Sciences with the échelle-spectrograph PFES (mounted at the prime focus, 1K×1K 
CCD-chip, resolving power R = 15 000, Panchuk et al. 1998), the multi-mode échelle-spectrograph LYNX 
(Nasmyth-2 focus, 1K×1K CCD-chip, R = 30 000, Panchuk et al. 1999a), and the échelle-spectrograph NES 
(Nasmyth–2 focus, 2K×2K CCD-chip, R = 60 000, Panchuk et al. 1999b). The observing log is presented in 
Table 1. The cosmic ray traces were removed by median averaging of two subsequent spectra. A hollow 





Fig.1. Nitrogen lines in the spectrum of IRAS 01005+7910 (thick line). The dashed line represents a 
synthetic spectrum for Teff = 21000 K, log g = 3.0 and et = 15 km s
−1
. The spectrum of 9 Cep (thin line) is 
plotted between the theoretical one and that of IRAS 01005. 
 
First steps of the data reduction process (cosmic ray trace removal, background subtraction, and spectral 
order extraction) were done under the ECHELLE context of MIDAS (version 01FEB), while the final steps 
(normalization to the continuum level and radial velocity (Vr) and equivalent width measurements) were 
completed using a package DECH20 (Galazutdinov 1992). 
 
3. Main results 
3.1. The spectrum of IRAS 01005+7910 
The optical spectrum of IRAS 01005 is a combination of the photospheric spectrum of a hot star and 
circumstellar emission lines. The line identification was completed using several line lists of Kilian & 
Nissen (1989), Parthasarathy et al. (2000), a multiplet table of Moore (1945) and our own experience in 
identification of spectra of related objects IRAS 18062+2410 (Arkhipova et al. 2001a) and V1853Cyg 
(Arkhipova et al. 2001b). Refined line wavelengths, oscillator strengths and excitation potentials were taken 
from the data base VALD (Piskunov et al. 1995). Absorption lines of C II/III, N II, O II, Al III, Si III, and the 
Mg II line at λ4481 Ǻ are present in the spectrum of IRAS 01005. Pure emission features were identified 
with Si II lines and forbidden lines of [Fe II]. Both emission and absorption components are detected in the 
hydrogen Balmer lines, the resonance lines of the Na I D1,2 doublet, He I lines, and Fe III lines. We also 
found the Si II doublet λλ4128, 4131 Ǻ in absorption with the equivalent widths of 60 and 70 mǺ, 
respectively. The absence of lines with low excitation potentials and those of neutral elements (except for 
those of H I, He I, and Na I) indicates that the star has a high Teff. The full list of identified emission and 
absorption lines in the spectrum of IRAS 01005 in the region 4300–7800 Ǻ is presented in Table 2. 
Unidentified lines are denoted by ―UN‖. 
 
Our spectra of IRAS 01005 contain several diffuse interstellar bands. The most intense of them are the 
following: λ5780Ǻ(Wλ = 100 mǺ), λ5797 Ǻ (Wλ = 40 mǺ) and λ6613 Ǻ (Wλ = 30 mǺ). Their Vr ~ −10 km 
s
− 1
 agree with the interstellar origin. The strength of the λ5780 Ǻ band corresponds to the interstellar 
reddening EB−V = 0.2 or AV = 0.6 (Herbig 1993). 
 
3.2. Spectral type and abundance calculation 
In order to estimate the spectral type of IRAS 01005 we used a calibration for supergiants based on the line 
equivalent widths from Didelon (1982). Using only the lines without noticeable emission components (Mg II 
λ4481 Ǻ, Si III λλ4553, 4575 Ǻ and Si II λ4128 Ǻ), we derived an average type of B 1.7 ± 0.5 which is in 
agreement with the abovementioned result of Hu (2001). We also compared the spectrum of IRAS 01005 
with that of the normal supergiant 9 Cep (B2 Ib) and found them very similar (Fig. 1). While the strength of 
the nitrogen and oxygen lines in the spectrum of IRAS 01005 is in agreement with the estimated spectral 
type, the carbon lines are somewhat stronger (Fig. 2) suggesting its overabundance. The latter agrees with 
the object’s carbon-rich IR spectrum. 
 
of these criteria to stars with a possible metal deficiency and evolutionarily-altered abundances of light 
elements can insert significant systematic errors in the spectral classification. Nevertheless, the absence of 
He II and Si IV lines indicates that Teff  ≤ 25 000 K, while the presence of He I lines in emission places a 
lower limit of Teff at ~ 18 000−20 000 K (e.g., Miroshnichenko et al. 1998). 
 
For an independent Teff estimate, we compared the observed spectrum with a synthetic one, calculated from 
the Kurucz (1993) LTE models with the solar chemical composition. The best fit was obtained for Teff  = 
21000K, microturbulent velocity ξt = 15 km s−
1
, and surface gravity log g = 3.0 (see Figs. 1 and 2). 
 
Overall, the spectrum of IRAS 01005 is very similar to that of a low-mass post-AGB star V1853 Cyg = LS 
II +34
°
 26 (B 1.5 Ia, García-Lario et al. 1997; Arkhipova et al. 2001a). For example, V 1853 Cyg exhibits a 
strong oxygen IR-triplet at λ7773 Ǻ (Wλ = 0.95 Ǻ), whose intensity increases with luminosity (Faraggiana et 
al. 1988). In the spectrum of IRAS 01005 this triplet has Wλ = 0.75 Ǻ, confirming its high luminosity. 
However, we cannot estimate the latter due to a lack of hot stars with the measured strength of the triplet. 
 
Since the spectrum of IRAS 01005 contains many absorption lines without visible emission components 
(see Table 2), we can estimate abundances of several chemical elements in its atmosphere. However, we 
have to keep in mind that both the model parameters and chemical composition, determined for such a hot 
and luminous star with the unstable and extended gaseous-dusty envelope in the framework of a static plane-
parallel atmospheric model under the LTE approach, can be considered as a first approximation only. 
All atomic parameters for the lines from Table 2 (oscillator strengths, damping constants, etc.) were taken 
from the VALD database (Piskunov et al. 1995). Note that virtually all the He I lines are distorted by 











r are the heliocentric Vr at two epochs (July 13, 2000 and December 2, 2001 respectively). Wλ is the 
equivalent width for the lines in the spectrum of July 13, 2000. 
 
 
Fig. 2. Carbon lines in the spectrum of IRAS 01005+7910 (thick line). Other lines have the same meaning 
as in Fig. 1. 
 
The chemical abundances were calculated using the Kurucz (1993) models and Kurucz’s WIDTH9 program. 
The effective temperature (Teff = 21500 ± 500 K) and the surface gravity (log g = 3.0 ± 0.3) values were 
improved by using the criterion of the Si II/Si III ionization balance, i.e. equality of the Si II and Si III 
abundances. The estimated uncertainties in the abundances caused by the errors in Teff and log g are equal to 
±0.2 dex, which are similar to those due to the errors of the equivalent widths. A good agreement of the 
abundances derived for the pair C II/C III supports the above model atmosphere parameters. In order to 
estimate the microturbulent velocity ξt, we used the numerous well-measured O II absorption lines and found 
that such a ξt value produced a zero slope in a diagram of log abundances calculated for individual O II lines 
versus equivalent widths. Formal application of the generally adopted method leads to a very large value of 
ξt = 45 ± 5 km s−
1
. It is evident that the supersonic value of ξt is mainly caused by use of a plane-parallel 
static atmosphere model approximation for a high-luminosity and high-temperature star with an unstable 
atmosphere. Takeda (1992) showed that the microturbulent velocity suddenly grows when the atmosphere 
becomes unstable, because the radiation force is larger than the gravitational force. Such unrealistically large 
microturbulent velocities, obtained under the LTE–approach, is a well-known fact in hot star spectra 
simulations (Takeda 1977). Gies & Lambert (1992) showed that, taking into account deviations from the 
LTE approximation, the microturbulent velocity can be reduced from 25–30 to 8–11 km s
−1
. To reduce 
systematic errors and derive more realistic chemical abundances, we did not take into account all the strong 
lines with Wλ ≥ 80 mǺ, since the weak lines are practically independent of the microturbulent velocity. A 
typical value of ξt = 15 ± 5 km s
− 1
 for high-luminosity hot stars (Gies & Lambert 1992; Parthsarathy et al. 
2000) within the LTE-approach was adopted in our calculations. 
 
To illustrate the role of non-LTE effects for the IRAS 01005 spectrum we calculated an oxygen abundance 
from the lines of both ions and neutral atoms. It is well known that the lines of the oxygen IR-triplet at 
λ7773 Ǻ are very sensitive to non-LTE effects. Using the equivalent widths of these lines from Table 2 we 
obtained ε(O I) = 9.49, while a lower value of ε(O II) = 8.24 was derived from the weak O II lines. 
 
The average chemical abundances for different species are presented in Table 3. The abundances are given 
on the usual scale, ε(X) = n(X)/n(H) with log ε(H) = 12. The chemical composition for a normal supergiant 
9 Cep (Gies & Lambert 1992) is given for comparison. 
 
As follows from Table 3, the atmospheric abundances of all the elements found for IRAS 01005 and for a 
normal super-giant 9 Cep are different. The iron content [Fe/H]⊙ = −0.31 of IRAS 01005 is slightly smaller 
relative to the solar one, while it is larger for 9 Cep ([Fe/H] ⊙ = +0.18). The abundances of such metals as 
Mg, Al, and Si show the same feature in both objects. As follows from the results by Gies & Lambert 
(1992), a chemical abundance pattern in the case of 9 Cep agrees with the evolutionary stage of a massive 
supergiant: carbon is under abundant in its metal-rich atmosphere, contaminated by the CN-cycle products. 
The CNO-group behaviour in the IRAS 01005 atmosphere (the carbon abundance is enhanced relative to the 
solar one, [C/Fe] ⊙ = +0.08, while the oxygen content is deficient, [O/Fe] ⊙ = −0.32) is opposite to that of 9 
Cep. These differences in the chemical abundance picture allow us to rule out a hypothesis that IRAS 01005 
is a normal supergiant. 
 
We note here that the main spectral peculiarities, the atmospheric parameters Teff = 21500 K, log g = 3.0, 
and the atmospheric abundances of IRAS 01005 are similar to those of the post-AGB object IRAS 
18062+2410, whose high-resolution spectra were studied by Arkhipova et al. (2001a) and Parthasarathy et 
al. (2000). The most remarkable difference between IRAS 01005 and IRAS 18062+2410 is the behaviour of 
the CNO abundances (Table 3). For IRAS 18062+2410, the N– and O–abundances are similar to the 
metallicity at a strong C–deficiency. For IRAS 01005 we see a different picture: the C– and N–abundances 
follow the iron content at a large oxygen deficiency. The carbon/oxygen ratio is C/O < 1 for IRAS 
18062+2410 while for IRAS 01005 the ratio C/O > 1 is in agreement with details in its IR–spectrum 
(Hrivnak et al. 2000, see Sect. 1). Therefore we confirmed a result by Hrivnak et al. (2000) that the central 
star of IRAS 01005 belongs to the group of carbon-rich PPNe. 
 
Table 3. The chemical composition of IRAS 01005, log ε(X) (for log ε(H) = 12.0). n refers to the number 
of lines used, and a- is the uncertainty derived from the measurements of individual lines. Atmospheric 
parameters (Teff (K), log g, ξt (km s
−1
)) of the stars are given below their names. The element abundances 
for the solar photosphere are taken from Grevesse et al. (1996). 
 
3.3. Spectral variability 
In the spectra obtained in 2000, the hydrogen Balmer lines Hα, Hβ and Hγ have asymmetric single-peaked 
emission profiles (Fig. 3) with a maximum intensity at a Vr of −40km s
−1
. The intensity of the blue wing 
decreases faster at low velocities than that of the red wing, while the situation is reversed at velocities more 
than 40 km s−
1
 from the line maximum. Such a profile can be a combination of two emission components 
with different intensities and a component due to self-absorption. In 2001 the Hα and Hβ profile shape 
became double-peaked with the intensities, which differ by an order of magnitude. 
 
The He I line profiles vary from straight to inverse P Cyg-type through almost pure emission or absorption 
(Fig. 3). Furthermore, in the spectrum obtained on December 02, 2001 with R = 60 000 a straight P Cyg-
type profile of the λ5876 Ǻ line and an inverse P Cyg-type profile of the λ5016 Ǻ line are seen together. At 
the same time, in this spectrum the He I line at λ4922 Ǻ, which does not show emission wings, is split into 
two absorption components, as if a weak emission in the core is present. Finally, on July 06, 2000 the λ4922 
Ǻ and λ6678 Ǻ lines have inverse P Cyg-type profiles with the emission and absorption components at −75 
and −27 km s
− 1
, respectively. However, on July 13, 2000 noticeable emission components are absent in both 
lines. 
 
The Vr behaviour of individual lines is more complicated. The Vr of both the absorption and emission lines 
correlate with the oscillator strengths (Fig. 4): the stronger lines have more negative velocities. This is more 
likely a result of a velocity gradient in the expanding envelope and atmosphere of the supergiant.  
 
Furthermore, the slope of the linear relationship varies from one spectrum to another (Fig. 4). The systemic 
velocity we define as a limiting velocity of the lines with small oscillator strengths. For all our spectra this 




In Table 4 we show the heliocentric Vr derived from absorption and emission lines and/or their components 
at different epochs. A typical uncertainty of the Vr measurements for a single line is about 1 km s−
1
 for the 
spectrometer NES, 2 km s
− 1
 for LYNX, and 4 km s
− 1
 for PFES. A significant shift (−15 km s
−1
) in most of 
the absorption line Vr (except for those of Fe III) occurred in December 2001. This phenomenon may be due 
to changes in the star’s atmospheric structure, which may also cause the disappearance of the Hβ line 
absorption component. Pulsations as a mechanism, responsible for similar Vr variations, was suggested by 
García-Lario et al. (1997) for V 1853 Cyg. Our present time coverage does not allow us to comment on 
other possible reasons for it, such as orbital motion in a binary system. 
 
In Fig. 5 the Na I resonance doublet profiles, obtained with the R = 60 000 on two different dates, are shown. 
We were able to distinguish five absorption components with velocities of −11, −28, −52, −65, and −73 km 
s− 
1
. In addition, the absorption profile of the λ5890 Ǻ line in the spectrum of December 2, 2001 is 
superseded on a broad high-velocity emission component, whose width is the same as those of the hydrogen 
line emission components. In the other spectrum there are no noticeable emission components. The first and 
the strongest absorption component has a Vr of −3 km s
−1
 with respect to local standard of rest, and is most 
likely interstellar. The radio observations of the CO emission (Grenier et al. 1989) and those of the 
interstellar Na I lines for nearby stars in the direction of IRAS 01005 (e.g., Welty et al. 1994) give the LSR 




The next Na I component in the spectrum of IRAS 01005 (at −28 km s
−1
) is located very close to the 
systemic velocity. It may be formed in the outer, slowest (Vexp & 5–10kms
− 1
), and optically thin part of the 
circumstellar envelope. The three remaining components may arise either in more rapidly expanding shells 
or in the interstellar medium. 
 
4. Discussion 
The spectral features mentioned above led us to the following suggestions. The system of IRAS 01005 
contains a high-luminosity early-B type star surrounded by a gaseous envelope. The transformation of the 
He I line profiles from inverse (in 2000) to straight (in 2001) P Cyg-type is suggestive of a change from 
accretion to outflow in the inner parts of the envelope. The increasing separation between the emission 
components of the Ha line observed simultaneously supports the outflow hypothesis. The co-existence of the 
straight and inverse P Cyg-type profiles in different He I lines in one spectrum suggests that accretion and 
outflow can be present at the same time, however probably in different parts of the envelope. The difference 
in the profile shapes of the Balmer and He I lines may be due to a more spherical zone of the He I line 
formation, as it has been suggested for an LBV candidate MWC 314 (Frémat et al. 1998). 
 
The presence of the relation between the line velocity and the oscillator strength may be due to the velocity 
gradient in the unstable atmosphere of IRAS 01005. Phases of atmosphere instability from time to time 
alternate with phases of a relative quiescence, characterized by a low or negligible velocity gradient (Fig. 4). 
 
Given a high luminosity, the star should be distant. From his optical photometry, Hu (2001) suggested that 
the interstellar extinction AV = 1.2, while not attempting a distance estimate, as IRAS 01005 is peculiar. 
Indeed, both luminosity and kinematic distance calibrations are mostly based on the galactic disk stars, 
while IRAS 01005 most likely belongs to the halo. Our result for AV (Sect. 3.1) might imply that part of the 
extinction is circumstellar. 
 
 
Fig. 3. The He I and Balmer line profile variations. The suggested systemic velocity −23 km s
−1
 is shown 




Table 4. Heliocentric Vr (km s
−1
) in the spectrum of IRAS 01005. The number of lines used for the 
measurements is given in parentheses. 
 
 
Let us try to estimate the luminosity and distance of IRAS 01005 by using the values Teff = 21500 K and log 
g = 3.0 we obtained. As follows from the locus of likely post–AGB stars in the log g vs. Teff plane (Fig. 3 
from Schönberner & Blöcker 1993), we can adopt a mass of the object of M ≈ 0.57 ± 0.05 M⨀. According 
to theoretical post-AGB evolutionary tracks (Blöcker 1995), such an object would have a luminosity of 
log(L/L⨀) = 3.6 (Mbol = −4.3). From the observed V = 11.2mag (Hu 2001) and the interstellar (and 
circumstellar) extinction AV = 1.2mag, we have the dereddened V0 = 10 mag and, accepting the bolometric 
correction BC = −2 mag, we obtain V0−MV = 12.3 mag, that corresponds to a distance of ~3 kpc. Taking into 
account the uncertainties in the effective temperature and surface gravity (see Sect. 3.2), we estimate an 
error of the distance determination to be about 20%. Such a distance is consistent with the presence of the 
sodium D-lines absorption components at Vr = −52 km s
−1
 that may be due to the interstellar material within 
the Perseus arm (Münch 1957). The interstellar origin of the higher-velocity components (see Fig. 5) 
requires a larger distance toward the object, which would make it more luminous and more rapidly evolving 
along the post-AGB track. Since there is no evidence of rapid evolution, one can suggest that these 




Fig. 4. Relations between the heliocentric Vr of the absorption lines and oscillator strengths at two epochs 
July 13, 2000 (open squares) and December 02, 2001 (dots) (see Table 2). The dotted lines show the linear 
fits to the relations. The emission lines in the July 2000 spectrum (open triangles) show the same 
distribution as the absorption lines. The open circles denote the group of the strong absorption lines in 
the July 2000 spectrum (O I triplet λ7773 Å, Mg II λ4481 Å, C II λλ6578, 6583 Å and N II λ5680 Å). The 
velocities of the Na I D1,2 line components are shown by thick horisontal lines. 
 
 
Fig. 5. The Na I D1 (dotted) and D2 (solid) line profiles in high resolution spectra of Dec. 2001 (a) and 
Feb. 2002 (b). 
 
The reduced metallicity of IRAS 01005 [Fe/H]⨀ = −0.31 in combination with the altered CNO-abundances 
(C/O > 1) and the high galactic latitude, suggests that it is a hot post– AGB star. If its luminosity and, hence, 
mass are large enough, the star’s Teff will increase quickly (Blöcker 1995). As a result, one can expect an 
increase of the emission-line strengths in the object’s spectrum, because in comparison with other early-type 
PPNe (OY Gem and IRAS 18062+2410), IRAS 01005 shows a relatively weak emission-line spectrum. 
Alternatively, the latter might imply that its gaseous envelope is compact, being limited by the presence of a 
companion star. Another indication for binarity can be the envelope’s asphericity (inferred from the 
emission line profiles). Therefore, further spectroscopic monitoring of IRAS 01005 is highly desirable to 
further constrain its properties. 
 
5. Conclusions 
We accomplished the first detailed indentification of the observed features in the high-resolution optical 
spectrum of an optical counterpart of the PPN candidate IRAS 01005. The absorption lines of C II/III, N II, O 
II, Al III, Si II/III, and the Mg II  λ4481 Å line, as well as emission lines of Si II and [Fe II] were found in the 
spectrum. Both emission and absorption components are present in the hydrogen Balmer lines, in the 
resonance Na I D1,2 lines, and in the He I and Fe III lines. A significant variability of the optical spectrum was 
detected: the He I lines change their profiles from straight to inverse P Cyg-type on a timescale of days-
months. 
 
A high effective temperature Teff = 21500 K, a low surface gravity log g = 3.0, and a reduced metallicity of 
IRAS 01005 ([Fe/H]⨀ = −0.31) in combination with the altered atmospheric CNO–abundances (C/O > 1) 
and a high galactic latitude, confirm the evolutionary state of a hot post-AGB C-rich star. 
 
We suggest that IRAS 01005 is a high-luminosity log(L/L⨀) = 3.6 early-B type post-AGB star at a distance 
of ~3 kpc, surrounded by a non-spherical gaseous envelope with both observable accretion and outflow. The 
envelope geometry and weakness of the emission-line spectrum may indicate binarity of the system. 
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